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Earth Orbit!
Mars Orbit!
Piloted Trajectories!
Stay on Mars Surface!

Typical Mars Design Reference 
Mission Scenario!

Flight Profile!
1–2: Transit: 161 days!
2–3: Mars surface stay: 573 days!
3–4: Return: 154 days!



Space Synthetic Biology HW Elements#
•   Specimen Habitat 
•   Sample Handling 
•   Process Monitoring 
•   Process Control 
•   Bioreactor 
•   Mtg, Prod (scale up) 
•   Application/Utilization 
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Free-Flyer Biotechnology Capabilities 
•   Fully autonomous, self-contained free-flyers 
•   Many possible configurations to address multiple research scenarios 

•   Mix & match two or more 1.5-kg 10-cm3 cube instruments 
•   Mass: 4 – 50 kg total spacecraft payload in !Sat-FF configuration (3 – 75 L total 

volume)  
•   2 independent experiments/instruments w/ 7-kg satellite; at least 10 independent w/ 50-

kg platform 
•   Experiment/payload useable volume: 0.9 (55 in3) – 50 liters 

•   Accommodated on most any launch vehicle due to small size, volume  
•   Many orbital trajectories:  LEO, HEO, GEO, Lunar, etc.  
•   Power consumption: 4 – 50 W 
•   Temperature: 15 – 40 °C (4 °C with 30-50 kg version),  <0.5 °C stability 
•   Humidity: 30 – 100%, active or passive control  
•   Media: liquid culture or solid/gel-supported growth; fluid exchange; bio/chemical 

challenges 
•   Atmosphere: 1 atm ± 10%; active O2, CO2 control; gas exchange 
•   In-situ, real-time analysis; autonomous data management & telemetry 

   interactive w/ “timeout autonomy” or fully autonomous exp’tal. control as 
desired 

•   Sample return possible (future) with 50 kg versions 
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Pharmasat-1!
Microsatellite - Free Flyer Project!
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!Sat-FF Technologies & Applications 
Present and Planned Capabilities 

•   Development of technologies increases capabilities 
–   Advanced technology capabilities available to best support science community 
–   Provides in-situ technologies to support a variety of model organisms/cells and materials 

•   E. coli*, yeast*, B. subtilis*, Hrr. chaoviatoris*, C. elegans, Drosophila, Arabidopsis, Cyanobacteria 
•   Mammalian cells, tissues 
•   PAHs, amino acids, biomarkers, etc. in thin-film format  

•   Statistically significant analysis: µSat supports meaningful n size 
–   Enhanced well-plate specimen chambers (48* – 384 wells or more) 
–   Additional high-density approaches: cytometry, microarrays, beads, bioreactors, etc.  

•   Sample management & preparation for sophisticated experiments 
–   Thermal*, humidity*, atmospheric control* and gas sensing & exchange* 
–   Fluid exchange*: addition of reagents,/nutrients*, agonists/antagonists, antifungals*,  antibiotics, 

fixatives, etc. 
–   Amplification (PCR, NASBA, etc.), lysis, separation, purification, labeling, filtration   

•   Progressively sophisticated analytical/measurement capabilities  
–   in-situ optical density*; metabolism indicator-dye*; diffuse* or imaging fluorescence  
–   multiple fluorescence tags, greater sensitivity; luminescence 
–   autonomous protein crystal growth 
–   FACS, cytometry/beads, and liquid arrays for multiplexed biological analysis 
–   ELISA-like assays 
–   Microarrays: DNA, RNA, protein, antibody; optical or electrochemical readout; 10s - 1000s 

* Denotes current capabilities 
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International Space Station 



Multi-user EXPRESS Racks 
Middeck locker scale instruments in 
various research disciplines such as 
biotechnology and plant research 

#Sub-rack class payloads and facilities 
in # ## # # 

Expedition 14 crewmember Mike 
Lopez-Alegria conducting TROPI # #plant growth experiment in # EMCS in EXPRESS Rack 3 

#European Space Agency Astronaut Thomas Reiter, Expedition 13 
Flight Engineer, installing the EMCS facility into the EXPRESS Rack # #3A. 

# # #10 

General constraints (roughly in the 

order most likely to be 
limiting, post-assembly complete) 

#¤   Upmass 

#¤   Downmass 

#¤   Crew time 

#¤   Thermal 

#¤   Facility throughput 

#¤   Power 

#¤   Data downlink 



Freezers and Incubators 
#Minus Eighty-degree Laboratory Freezer for ISS 
#(MELFI) 

# #Provides thermal conditioning at +4oC, -26oC and -80oC 
# #1 unit currently on orbit 
# #1 will launch in 2009, and 1 more in 2010 
#GLACIER Freezer 

# #+ 4  oC to   -185  oC 
#CGBA (Commercial Generic Bioprocessing Aparatus) 

# #-10oC to +37  oC. 
#ABRS (Advanced Biological Resarch System) 
# #Includes imaging of green fluorescent protein 
#EMCS (European Modular Cultivation System) 
# #Two centrifuges for plants and small animals spin from 
# #0 to 2 G # Expedition 19 crewmember 

Michael Barratt inserts samples # #into the MELFI 

General Laboratory Active Cryogenic ISS Experiment # Refrigerator (GLACIER) 

Commercial Generic Bioprocessing Apparatus (CGBA) 

#14 
Centrifuges of EMCS 
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Prove feasibility of novel, early-stage 
ideas with potential to revolutionize a 
future NASA mission and/or fulfill 
national need. 

# 7 

Mature crosscutting capabilities 
that advance multiple future space 
missions to flight readiness status 

Infusion 
Opportunities 
for NASA 
Mission 
Directorates, 
Other Govt. 
Agencies, and 
Industry 

Idea 

Idea 

Idea 

Idea 

Space Technology Development Approach 

# Idea 
# #Idea 

Idea 

Idea 

# Idea 

Idea 

#Idea 

Idea 

Possible 
Solution 

Possible 
Solution 

Possible 
Solution 

Possible 
Solution 

Creative ideas regarding 
future NASA systems or 
solutions to national needs. 

#Industry 
Academia 
Gov’t 





A-STARS Technology Areas 
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Potential Synthetic Biology applications map to several OCT Roadmap Technology Areas:#
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